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Abstract — The plate reformer consisting of combustion chamber and reforming chamber, which can be integrated in the
MCFC fuel cell system, has been prepared and the performance test was carried out. In order to study the effect of initial tem-
perature and space velocity on the performance of reformer, the temperature profiles were measured and the conversion of
hydrogen and methane and the composition of products were analyzed. Upon the operating condition based on fuel cell stack
having fuel utilization of 80%, the reformer was able to generate hydrogen for several kW fuel cell stack, maintaining the
hydrogen conversion of above 99% and methane conversion of 98%. The temperature profile recorded during the test showed

the endotherm representing the operating state of reformer.
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Fig. 1. Simplified flow diagram of a MCFC system.
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ig. 2. A drawing of plate reformer.
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Fig. 3. A schematic diagram of apparatus for plate reformer test.
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Table 1. Operating condition for reformer test(load: 1 kW)

Flow rate(/min) Composition(mol%)

Fuel H, 2.72 9.0

CcO 0.55 1.8

Co, 12.44 41.4

Air 14.37 47.8

Total 30.08 100.0
Feed CH 2.99 235

H,O 9.73 76.4

Total 12.72 100.0
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Fig. 4. Temperature distribution in plate reformer(load: 1 kW).
(voltage: 110 V; space velocity: 1,060hrCombustion cat.; 407 Ht
reforming cat.AT(°C)=Temp,-Tempg.; M, (1: reforming cham-
ber;®, O: combustion chamber; closed symbols: Temfathown
in Fig. 2; open symbols : Temp. @t shown in Fig. 2.)
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Fig. 5. Temperature distribution in plate reformer(load: 1 kW).
(voltage: 100 V; space velocity: 1,060%rcombustion cat.; 407 Hy
reforming cat.;AT(°C)=Temp,-Tempg.; W, 0J: reforming cham-
ber;® , O : combustion chamber; closed symbols: Temfilathown
in Fig. 2; open symbols : Temp. @t shown in Fig. 2.)
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Table 2. Test results of plate reformer: combustion reaction(load: 1 kW)
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Length frominlet of combustion chamber (mm})

Average combustion tempQ) 735 684 450 400 350 300 250 200 150 100 50 O
775
Space velocity(H) 1,060 1,060 ! ! J ! ' o ! !
H, Conversion(%) >99.9 99.6 750 - g 5 5 T
i 0 725 |- e Qe A —__ -
Fugl |nIeF temperaturgC) 577 572 8 Q == 7 = ~_
Oxidant inlet temperaturg) 546 546 g 700 = O -
Outlet temperaturéC) 677 618 0E> 675 |- \O .
Combustion temperatuf) ~ Maximum 764 700 F 650 |- e |
Minimum 701 652 625 I S SN IV T S T
775 T T T T T T T T
Table 3. Test results of plate reformer: reforming reaction(load: 1 kW) - 750 |- 9 o -
- O 75 | T Q—Q—— :G?— -
Average reforming temp¢) 707 649 Q_; 700 b e~ 8 N
Space velocity(ht) 407 407 g— 675 |- D/D /. o -
CH, conversion(%) 99.2(98.0)  99.6(92.0) IE 650 |- _— -
Dry composition of products(%)  GH 0.2(0.4) 0.4(1.9) 625 |- W -
H, 78.1(77.2)  78.6(76.4) 600 I Y S T N
e I e e o
A AL 2 |- = 4
Total flow rate of dry outlet gasés(in) 11.7 11.0 0 O\O\Q“9;SZE7 _
Inlet temperatur@C) 532 532 'Z 25 |- D/ ./ -
Outlet temperaturéC) 640 607 ?g ~ _.’—EI/ e T
Reforming Maximum 749 692 100 |- \./. _
TemperaturéC) Minimum 612 576 2125 b -
150 1 ] L ) I ] ] ] I

[(): Equilibrium composition and conversion on methane steam reforming at

average reformer temperature.]
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Fig. 6. Temperature distribution in plate reformer(load: 1.5 kW).
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Fig. 7. Temperature distribution in plate reformer(load: 2 kW).
(space velocity: 2,120 Hr combustion cat.; 810Hy reforming cat.;

voltage: 110 VAT(°C)=Temp,-Tempg.; B, [1: reforming chamber;

@, O: combustion chamber; closed symbols: TemgDashown in
Fig. 2; open symbols : Temp. @t shown in Fig. 2.)

Table 4. Test results of plate reformer: reforming reaction(load: 1 kW)

Average reforming tempSC) 707 649
Space velocity(HF) 407 407
CH, conversion(%) 99.2(98.0)  99.6(92.0)
Dry composition of products(%)  GH 0.2(0.4) 0.4(1.9)
H, 78.1(77.2)  78.6(76.4)
co 13.0(12.5)  10.0(10.4)
CcQ, 8.7(9.9) 11.0(11.3)
Total flow rate of dry outlet gasé&fin) 11.7 11.0
Inlet temperaturéC) 532 532
Outlet temperaturéC) 640 607
Reforming temperatui®f) Maximum 749 692
Minimum 612 576

[(): Equilubrium composition and conversion on methane steam reforming at

average reformer temperature.]
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Table 5. Test results of plate reformer: reforming reaction(load: 1.5 kW

and 2 kW)
Space velocity(Ht) 606 810
CH, conversion(%) 99.5(95.8) 98.3(93.8)
Dry composition of products(%) GH 0.1(0.96) 0.5(1.4)
H, 79.1(76.9)  78.5(76.7)
CO 10.4(11.5) 10.9(10.9)
Co, 10.4(10.6) 10.1(11.0)
Total flow rate of dry outlet gasé®(in) 184 22.3
Inlet temperaturéC) 559 587
Outlet temperaturéC) 669 660
Reforming temperatur®f) Maximum 727 701
Minimum 603 610
Average 676 660

[(): Equilibrium composition and conversion on methane steam reforming at

average reformer temperature.]
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